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This report, Phase IV of Contract NOy-88454, is 2
description,of fthe procedures and equipment for the
suppression and mitigation of electromagnetic inter-
ference voltage to acceptable levels, The report in-
cludes recommendations on power line components, such
as, transmission lines and substation equipment for

new and existing transmission lines, Transmission lines
up to and including 69 Kv are reviewed.

All available published studies by others as well as

the knowledge gained from Phases I, II and III, of the
subject contract, were utilized in performing this

study. A review of Electric Power Utllitles design,
construction and maintenance procedures was also made

and utilized in determining the recommendations of

this report. The procedures and equipment were deter-
mined from the above study and review for the suppression
and mitigation of electromagnetic interference from over-
head transmission lines. The conclusions of this report
indicate that these methods and procedures to limit the
interference from overhead lines to the acceptable level
established in Phase III of this contract, are desirable,
feasible, and economically Justifiable For many pro-
gressive utility companles techniques Skéinterference
reduction are routine operations. These\ techniques of
interference reduction are: '

1. Proper selection and testing of materials,
2. Proper construction practices,
3. Proper maintenance, including radio patrols.

A section of the report is devoted to the economics of
construction and maintenance of overhead transmission

lines for minimum interference generation. This type of
cor.atruction and maintenance is desirable for numerous
intangible reasons and is, also, economically feasible,
Maintenance almed at interference reduction is, further-
more, preventive maintenance against power outages,
Interference sources, when located and repaired, eliminate
"faults' which would probably develop to line outages.
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The recommended construction practices are swmmarized
and tabulated in Section 6-19, The complete recom-
mentations are summarized in specification form and
are included as Section 11 of the report,

Phase I of Contract NOy-88454 was a review of studies
on interference from transmission lines. The report
determined that there was not sufficient available
published information to eataolish a level of inherent
interference from an acceptable economically designed
and maintained transmission line,

Phase II of Contract NOy-88454 was a field study of a
number of 41.6 Kv overhead lines. This fiald work
was nerfcrmed to provide necessary information to
develop a criterion test and limits for radio inter-
ference, from overhead transmission lines,

Phase ITI of Contract NOy-88454 was the correlation
of the information obtained during the field study,
to establish limits of radiated and conducted inter-
ference from acceptable economically designed and
naintained overhead transmission lines up to 66Kv,
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SECTION 1, INTRODUCTION

1-01 Overhead Electric Transmission Lines, Through

discovery, invention, and engineering application, the
engineer has made continually greater use of electricity.

Its early use, however, was limited to relatively short
distances from the power station because of the low voltage
of the distribution circuits, This limitation, for economic
reasons, kept the general use of electricity confined to
areas where a number of customers could be served from the
same powexr station. The invention of the transformer was
revolutionary since it made high voltage and longer trans-
mission distances possible, thus placing electric power at
the doorstep of practically everyone, The first alternating
current system in America using.transformers was put in oper-
ation in Massachusetts in 1885.1 This transformer was wound
for 500 volts primary and 100 volts secondary. The length of
the first transmission line was about 4000 feet, Transmission
line voltages have steadily risen since that early beginning
in Massachusetts to a present-day voltage of 365,000 volts,
and thelr lengths have increased I'rom a few thousand feet to
hundreds of milea, PFurthermore, the utility companies are
presently experimenting with transmission voltages up to
500,000 volts,

1-02 Radlo Interference Concern. Radioc interference
has been with us ever sInce the InventIon of the radio, but
it is only comparatively recently that it has been receiving
intensive study by engineers. The first receilver, having
few tubes and poor sensitivity, would not pick up interference
from any great distance, Operators were hindered at times by
interference,but the broadcast listeners regarded the radio
noisea in a very tolerant manner because of the novelty of
the entire radio idea, However, the novelty rapidly wcre
off and demands were made for the elimination of all inter-
ference. The prcblem of radio interference has growr. at such
8 rate, that adequate consideratiorn and development work have
been impossible.

Electric distribution and transmission equipment ~f the power
lines was originally one of the principal causes of radio
interference. Loose connections at cutouts, taps and terminals,
and arcing at insulators and to ground, were the principal
cases encountered. Teats, inspections, laboratory research,
design changes, and maintenance have removed many of these
sources, but cases of loose and corroded connections and faulty
equipment still occur and reqQuire investigation. However, in-
vestigation on transmission linea has now beer largely reduced




to locating individual deficiencies.

During the same period, developmen: and increase in use of
electrical appllances paralleled radio develcpment. Along
with lights, there came into the same homes with radio
recelvers, one or more of the new appliances - electric
refrigerators, mixers, vacuum cleaners, oil igniters, stokers
on furnaces, alr conditioning, elect~ic razor, etec. All

these devices employ motors, thermostats or control contactors,
ete,, which may contribute to radio frequercy disturbances.
High-frequency equipment, such as X-ray and therapeutic ap-
paratus, flashing neon signs, electric precipitators and cther
industrial devices may also contribute to radio-frequency dis-
turbances, In many ca:es, interference from these sources has bee
eliminated or confined to the same building or room, but in
other cases, the disturhance may be severe enough to carry
over electric gervice lines which are cormon to several
buildings. In particularly severe cas28, the interference

has been known to spread through space and ovar distribution
and transmission circuits and cause interference over an area
of several miles in radius,

1-03 Electric Transmisslon Equipment. The increase
in transmission IIne voltages, greater transmission distances,
and increased radio use hasnecessitated improvement of trans-
mission line insulators and hardware. This required improved
materlals and design with higher insulating properties as well
as increased mechanical strength, The hardware, also, was re-
Quired to have added mechanical strength., In addition, all
of these items required added irvestigation with regard to
the reduction of generatio. and propagation of radio inter-
ference, The increased use of electrical appliances also
required that these appliances be improved with regard to caus-
ing radio interference, Of course, a portion of the respon-
8ibility ror the climination of radic interference fell on
the radio manufacturers, themselves. Thus. in the interest
of reducing radio interference, American Standards Association
Committee on Radio Electrical Co-ordination; and the Joint
Co-Ordination Committee on Radioc Reception, comprised of The
Edison Electric Institute, the National Electrical Manufacturers
#nsociation and the Rz1io Manufacturers Association, represent-
ing he various affected parties, were formed. These committees
have “one much to eliminate radio interference from home ap-
pliai.ces, radio receivers as well as ovcrhead transmission lines.
The joint responsibility has been realized and much improvement




in manufactured products and power s.stems has come about
because of this realization.

Conzurrent with the work of these commi .ces, there rave
been rules, regulations and laws enacted and snforced by
the Federal Communication Cormissicn cor “erning interference
caused by restricted radiation and incic 1tal radiation
devices. The PCC<S defines restricted re iation devices as
"a device in which the generation of ra. o frequency energy
ies intentionally incorporated into the -sign and in which
the radio frequency energy is conduc- .. along wires or 1s
radiated, exclusive «f transmitters nicn require licensing
under other parts of this chapter a:..d exclusive of devices
in which the radio frequency ene .y 1is used to produce physical,
chemical or biologiczl effacts i:; materlals, and winich are
regulated under provisions of Part 18 of this chapter." Limits
of interference have been estabdlished at 1% microvolts per meter
at 157,000 feet from these apparati,

f (Ke
Incidental radiation devices are defined as 'devices whicn
radiate radio frequency energy but which are not specifically
designed to generate radio frequency energy.' Definite limits
have not been determined for incidental radiation devices;
however, the regulation does state that they must be orerate-d
s0 88 not to cause 'harmrul interference”., Both the incidenzal
and restricted radiation devices were prolific sources of sadlo

interference in past years., Present day operating models of
these devices have beep radio interference suppressad wiih the
result that very few csuse interf{ -ence,

A verv prevalent source of radio interference in ..one aprliances
was vacuum cleaners, clectric mixers, and flourescent lights.
Most present day models o these appliances have heen radio
interrerence suppressed,

The power utility industry has also redesisned an:i constructed
theipr overhead lines with radic in%erference redusticn in mind,
Their insistance on "guiet' insulators and hardware plus the
EEI-NEMA-RMA's self-imposed restrictions nave resulted i the
design an2 manufacture of ins.lators, hardware, ate., with io-
proved radio interfererce chiracteristics.

Thus, &8 electronic instruments become more prevalent ir home.
industry anl military services, more emphasis {3 extended to
radic interference reduction,




The possibility of reéducing or eliminating the radio inter-
ference in the design of all apparatus is being studied by

a large number of manufacturers. All products cannot be
economically designed to be interference-free but continuous
improvements are being made, In certain cases, the consider-
ation c¢f interference reduction has resulted in product im-

provement,




SECTION 2.  GENEPRAL

2-01 Definition of Radio Interference, Radio Inter-
ference, or more properly termed electromagnetic interference,
can bz defined as any disturbance that introduces a "noise"
signal or suppresses the incoming radio signal t3> such an
extent that projer radio reception is unpleasant, overshadowed,
or becomes vnintelligible,

The term radio interference encompasses the frequency spectrum
3f 30 cycles per second to 1000 megacycles and 1s not limited
<0 the freguency band of the standard home receiver. Thus, the
term electromagnetic interference is deeried more proper in

that it implies a broad range of frequencies. However, the
generally accepted term is "radio interference' which is used
to denote disturbances in this wide band of frequencies,

2-02 @eneration of Radio Interference. Overhead trans-
mission lines are a common source ol radio inserference. Any
of the individual components of the line, such as the conductor,
may generate interference.

Around a conductor on an overhead line, there is a strong electro-
static field set up by the alternating current flowing through
the conductor. The air surrounding an energized conductor or
metallic part in the electrostatic field is at all times ionized
to a limited extent. "An ion is defined as a charged atom,
molecule, or radical whose migraticn effects the transport of
electricity through an electrolyte, or, to a certain extent
through a gas. The air contains millions of uncharged molecules
in the area around a conductor, but it also contains charged
molecules that have lost one or more electrons from their normal
quota, thus leaving the molecule with a net positive charge.

The electric fileld intensity produced by applying a voltage to

a transmission line acts upon these charged molecules causing
forces on them that are proportional to the product of the field
intensity or voltage gradient and the net charge on the ion.,
This force causes acceleration of the ions, which would continue
to an infinite value were it not for the collision of these

lons with other ions and neutral molecules, The distance
traveled by an accelerated ion before collision depends on
chance, but the average distance can be calculated and is

called the mean free path. The mean-free-path distance is
dependent upon a number of variablesf such as size of the
molecules, temperature, and pressure’.




"From the foregoing statements, it is abvious that the
velocity obtained by a charged molecule is dependent on

a number of factors: (1) charge on the molecule, {2) mass

of the molecule, (3) mean-free-path, and (4) the pctential
gradient or electric field intensity acting on the charged
molecule, If all these factors are such that they impart
sufficient velocity to the ion, the ion upon striking another
molecule wlll disledge from this molecule one or more electrcas,
thus producing more ions, If the potential gradient is high
encugh to bring about a cumulative effect, the ionization
procesa will continue until a condition exists such that the
air becomes a high-resistance conductor and spark discharge
or corona appears in the immediate area around the conductor
or between adjacent hardware, Whether corona or spark dis-
charge occurs depends upon the dgstance separating the con-
ductors or conductor and ground"3, or between the metallic
parts on the overhead line, Only the air in the immediate
neighborhood bacomes conductive; air farther from the liae
retains its nonconductivevalue,

Since ions are charged particles, their motion through air
constitutes an electrical current flow from the air into a
conductor. A sharp breakdown oocura when the voltage gradient
becomea great enough to break through insulation caused by
corrosion products cr a very smail air gap. The sharp break-
down resuits in current pulses rich in radio frequency har-
monics and radio interference is generated.

2~03 Precpagation of Radio Interference. Racilo

broadcasting stations radiate r.f. energy into space hy set-
ting up electric waves at the broadcasting antenna, This
transmitted signal will be induced into any recelver antenna
within its field., This phenomenon is analogous to the action
which occurs in a transformer. .The broadcasting antenna can
be thought of as the primary, of the transformer, and the
receiving antenna as the secondary winding., However, the
receiving antenna will have induced into 1t not only the one
desired sigual, but also other fields which are present. It
is the function ot the receiver to 8elect the desired signal
at its frequency.

Radio interference is propagated into space in much the same
manner as the broadcasted signal from a radio station. It
finds its way into the receiver by being present at the same
frequency aa the desired signal. Intcrferﬁnce present in
this form is termed "radiated interference”,




Interference may also travel along a conductor as radio
frequency energy travels through a coaxial cable, Inter-
ference propagated in this manner is termed "conducted
interference".

Whenever ocurrent flows through a conductor, an induction
field is set up around the conductor, Interference current
flows along the skin of the zonductor setting up a field
around the conductor, Another conductor in this induction
field will have induced into it a voltage proportional to
the strength of the field., Interference which finds its
way to another conductor in this manner is termed "induced
interference",

Thus, interference is propagated in three ways: (1) by
radiation, (2} by conduction, and (3) by induction. Radio
interference may be propagated by any cne of thesc means
or by various combinations of then.

2-0U Frequency spectrum of radic Interference.
Whenever a broadcasting sfation transmits a signil, that
signal is usually at one definite frequency. However, this
is not the usual case with interference, A radio inter-
ference generator transmits its "signal" over a wide band

of frequencies, The Phase III report of Contract NOy~
885k 5

reported interference measured throughout the fre-
quency spectrum of 30 cycles per second to 25 megacycles from
41.6 Kv overhead transmission lines. Published literature
reports interference from vverhead lines within this same
frequency 8pectrum and higher frequencies., The higher fre-
quency interference was not inherent to overhead lines, but
was generated by defective components on the overhead line.
Tae frequency spectrum of radio interference from overhead
tranamission lines is usually from 30 cycles per second to
25 megacycles, However in specific instances, interference
up to 1000 megacycles has been repcrted,

2-05 i rence o

Lines. Radio intertererice may be caused by any
sudden change in potential which may accompany surges, by
sparks, or by ary current interrupting devices of an electric
circuit. Wony of these sources of radio interference on power
systems may not lnmnediately cause power failure, However, a
" 1igh order of interference 1s usually an indication of defective
components which may subsequently develop into a line fault and
ecvice outage.




lectrostatic discharges may occur wherever the potential
gradient between two conducting mediums exceeds the di-
electric strength of the air or insulating material between
them. This may occur between conductors and insulator
pins, between pleces of pole line hardware, evc,, which
are in the electrostatic field of the system. Considerable
radio interference may be caused by sparking between corroded
metal parts along the overhead line, A large potential
difference may build up between two metal crossarm braces
which are not thoroughly bonded. Corrosion products between
the two braces may '"break" the initial bond, A spark would
occur at this point and cause interference which would travel
many miles along the line,

Loose hardware i1s a very prevalent source of radio inter-
ference, Two metal parts not securely bonded together, with
a small air gap between them is a perfect spark gap generator,
Loose hardware, loose tle wire and other loose mechanical
bonds along the transmission line are usually due to the
congtant vibration due to wind, rain and other atmospheric
conditions.

Much of the radio interference generated on an overhead line
is due to small spark gaps inadvertently built into the line.




SECTION 3. KEASONS FOR CONSIDERATION OF INTERFERENCE REDUCTION

3-01 General. The degree of annoyance of radio inter-
ference is dependent on the signal-to-noise ratio, A high
interference level or low signal-to-noise ratioc lowers the
Quality of reception of a receiver from a transmitter of a
given power., Any reduction of the interference level or in-
crease in signal-to-noise ratio raises the useful sensitivity
of the receiver towards an avsolute limit which depends only
on its design.

The signal-to-noise ratio required for various qualities of
service are, approximately, as follows:

Excellent 40O dv/1
Good 30 db/1
Fair 25 db/1
Intolerable 10 dab/1

The qu;rally accepted signal-to-noise ratio of 30 decibels
tol “°/ is generally accepted as the ratio which can be

practically maintained, This ratio will render good quality
reception and at the same time will be economically feasible,

It should be noted tlmt in some instances and under certain
cond’tions signal-to-noise ~itios as high as 30 or 35 db/1
have provided poor reception. The ratios stated above &re
intended as a guide rather than an absolute assurance of
good quality reception,

3-02 Improved Reception. Whenever the receiver
reception is iIncreased because of & decrease in interference
level, the effect 1s the same as increasing the power of
the transmitter., Thus decreasing the interference level and
maintaining the quality of reception, allows the use of a
lower power transmitter thereby facilitating the use of
lighter weight and more mobile equipment. This is obviously
very advantageous to military movements, since portability
and quality of reception are very important,

In addition to the above mentioned advantages, there is the
added aivantage of being able to receive stations formerly
blanked out by radio interference. This effectively in-
creases the distance of the tranamitter,




3-03 Proper Operation of Electronic Mechanisms.
There are, also, other electronically operated equipment
which are adversely affected by radio interfer:snce. Radio
interference can cause malfunction of the sensitive parts
of many electronic mechanisms, Equipment utilizing sensitive
relays may be affected by radio interference in that this
r.f, interference energy would "trip" a relay at an in-
oportune time,




SECTION 4., MEANS OF IMPROVING COMMUNICATION RECEPTION.

4-01 General. The imprcvement of radio reception may
be made by either reducing the intensity of the radio inter-
ference reaching the receiver or increasing the signal strength
at the receiver. However, there are practical limits to both
the minimum radio interference level and the maximum broadcast
signal strength that can be obtained.

4-02 Reduction of Interference. The most practical
solution to the problem of Improved communication reception is
to reduce the intensity of the radio interference to the
economically practical minimum. Then the intensity of the
transmitted signal could be altered to give a signal-to-noise
ratio which would permit the desired reception. However, Phase I
of this Contract revealed that no reasonadble limit of inter-
ference for overhead lines was available, Therefore, Phase II
of this Contract was initiated to gather field data of inter-
ference present on properly operating and well-maintained
transmission lines. Phase III ther correlated and established
a reasonable level of radio interference from data gathered and
literature available. Thus, a reasonable level of radio
interference has been established and may be used as a yardstick
for determining the radio interference quality of a transmission
line. The radio interference, nov, may be reduced to the
economically practical minimum level corresponding to the limit
established by Phase III. Thus, the intensity of the transmitted
signal may be altered to give a signal-to-noise ratioc which will
allow good reception.




SECTION 5. SgggCES OF RADIO INTERFERENCE ON SUBTRANSMISSION
LINES,

5-01 Definition ¢f Subtransmission Line. Subti:ans-
mission lines are those overhead lines dellvering relatively high
voltages over short distances, The subtransmission line voltages
are stepped down to supply voltage to distribution systems. Sub-
transmission line voltages range from 12 Kv to 59 Kv depending
on the distance of transmission and power requirenents at
distribution points.

Subtransmission lines throughout this report will be referred %o
as transmission lines, i.e. lines transmitting voltages of between
12 Kv and 69 Kv.

5-02 Insulators. An insulator, in general, is an
applicance which Is used to insulate 2 conductor fronm earth, or
from another conductor, and frequently also serving to support
the conductor. Overhead power line conductors are carried on
porcelain insulators which are mounted on the crossarm of the
pole. An insulator can be considered as the dielectric medium
of a capacitor and the line and pin as the capacitor plates. The
charging current taken by a capacitor is controlled by three
variables: voltage, capacitance, and frequency. For transmission
lines, the voltage and frequency tezome constant; and, for a
particular line, the capacitance is also a constant.

The charging current of the insulator would flow freely iato the
insulator if the electrical contact were perfect. Hovwever, as

the result of poor contact, resistance to the flow of current is
encountered at the line connection and tie wire. This resistance
causes the air at the point of contact to become overstressed and
lonizatiorn to occur. Jonization of the air occurs because its
dielectric strength is several times less than the dielectric
strength of the insulator. The ionization of the air will manifest
itself at three possible points on an insulator: (1) at the

Yotnt of contact of the line-wire, tie wire and the insuia‘or head
2) between the pin or thimble and the 1hau1ator.body,.a§d (3)
between the individual ghells of a multi-shell insulator.

The ionization of the air will present itself on insulators
concurrent with electromagnetic interference in ¢wo forms: corona
and brush discharge. Brush discharge is a form of corona in a
more advanced or agitated state. Corona will produce a low audibl
hissing sound in a radio receiverwhich may or may not be object-
ionable; whereas, brush discharge produces a sharp crackling noise
that is definitely ovJjectionable.




Electromagnetic interference is also initiated by particles of
dirt or dust accumulating on the i sulators, particularly in the
presence of a high electrostatic field. Dirty insulators will
prodice as much as 50 percent more lnterference than the same
insulators when clean.

5-03 Tie VWire. Sharp points are very prevalent sources
of radio interference because of the 8viastressed condition of
the alc which occurs at these points.”» Tie wire ends can
have sharp points which would cause the air surrounding the tie
wire ends to be stressed by a greater voltage per square centi-
meter than any other point on the tie wire. Thus, this excess
voltage gradient causes ionization of the air which results in
radio interference.

Other point sources of interference at the tie wire are poor
contact between tie wire and the conductor and between the tie
wire and insulator. An overstressed condition and subsequent
lonization of the air is the principal cause of interference
at these described points.

5-04 Conductors.

(2). Conductor. In itself, the conductor is not
a prevalent source of interference at lower transmission voltages.
The specific points of interference generatior. along a conductor
are sharp points which may exist due to a mutilated strand,
considerable dirt or dust accumulating on the conductor, or an
overhanging wire. The conductor size should be selected so that
it will operate at a voltage below the corona limit. It the
corona limit is exceeded it will have an overstressed layer of
air around it. This overstressed layer of air will cause a
hissing sound in the communication receiver.

(b) sSpacing. 1If the spacing of the conductors is
such that due *o weather condition such as wind, ice, etc,, thev
become very close to each other, the surrounding air will be
stressed by a large voltage gradient. Thus, current pulses are
set up and consequent radio interference, This situation is not
likely tc occur but much the same situation is present on many
lines. The conductor 18 close to ground wires feeding down the
pole or guy vwires anchoring the pole. These situations are
inadvertently built into the line. Current surges as a result
of these situations are not large cnough to cause power failures
;o occur on the line but are sufficient to cause radio inter-

erence,




: (c) Splices. Poor contact in a splice will cause
aparking and radio interference. Poor contact is not the only
prerequisite for sparking in the splice. Connecting two dissimilar
metals together at the splice will cause corrosion  Corrosion
products will form, offering 2 high resistancahpath for current
flow. A voitage gradient will become evident when sparking or
corona occurs at the splice. The described condition will cause
radio interference,

5-05 Poles and Crossarms. Crossarms are installed on
transmission 1Ine poles To support the insulator and conductors.
On wood pole transmission lines these crossarms are generally
made of wood also. However, in some instances these crossarms
are made of conducting material such as steel. The conducting
crossarm, Lecause of its location and physical dimensions, will
become an effective antenna. This anteana will radiate any radio
frequency signal present. These radio frequency signals include
the undesired electromagnetic interference present along the
transmission line. The length of the crossarm will determine the
frequency at which it will become a '‘'resonant dipole.'' Since
radio interference is present over a wide range of frequencies,
the probability of the crossarm acting as an antenna is very
great.

In addition to the conducting crossarm being an excellent trans-
mitter of interference, it may also become a source of undesired
interference. 2otential sources of interference generation along
a metal crossarm are improper bonding of crossarm and hardware,
loss of bonding between crossarm and hardware due to formation

of corrosion produrts and sharp points on the crossarm in the
presence of the strong electrostatic field.

Metal crossarms or wooden c.ossarms may be supported by metal
braces. Difficulties encountered with metal braces are similar

to those encountered with metal crossarms. However, the probabilit;
of poor bonding, loss of bonding due to the formation of corrosion
products and sharp points ia greater with the use of metal croass-
arm braces, All of these conditions will cause radio interference.

5-06 Hardware. Numercus nuts, bolts, washers, and other
metal components are used in the construction of overhead Lrans-
mission lines to aecure crossarms, braces, guyes, insulators, etc.
These metal components a-e located in the strong electrostatic
11leld which surrounds the conductors. as a result of their
locatiun, & voltage will be induced in them. The amount of
induced voltage will depend on the position of the metal component




in the induction field. The induced voltage in metal components
placed too close together tends to equalize, This equalization
will be in the form of a spark discharge between the two
romponents. Since a spark is a current surge rich in harmonics
of radio frequency, it will cause interference. This is
1llustrated in Figure 1b.

5-07 Guy Wires. The placement of guy wires along a
transmission Iine 1s necessitated by stresses other than those
paralleling the line. Corner poles, or poles at which the line
angles away from its original straight line path, usually require
additional strength from guy wires. The placement of the guy

wire determines if it will be an interference cause. Since it 1s
in an electrostatic field a voltage will be irduced into it. Thus
if the guy wire or guy wire support (see Figures la, c and d}
should brush against or come close to another conducting medium,

a spark gap will be set up which will cause radig interference,.

An illustrative case reported in the literature, cites "a

power line dead-end guy wire which had a broken strand projecting
and intermittently touching a side guy." The interference
generated due to this condition cauted annoying disturbance to
standard broadcast . reception two miles away. Similar inter-
ference is poasible if the guy wire brushes against wet shrubbery
or 1f the guy wire bracket is placed toc proximate to other

metal components on the line.

5-08 Ground Wires. Ground wirea over the conducters on
overhead transmission lines are finding favor in the power tility
industry as lightning protection for the line, The grourd wire
is brought to ground rods either at every pole or some pre-
determined number of alternate polea. Points of interference
generation due to the ground wire will bhe caused by locating the
ground wire too close to the conductors when it is brought down
the pole to ground, loose contact of the ground wire at the clamp,
ciose proximity to hardware, or a very high resiatance contact
between the ground wire and rod or between the grcund rod and
earth.

The int-oduction of the ground wire over the conductors on
transmission lines produces little cliange in the interference
radiation fiela transversely to the iine, but increases the
interference directly under the conductors by about 25 percent.
Since this increased field intensity under the conductors was
not exhibited beyond a vertical line drawn through the conductors

to earth, it can be assumed that the ground wire has no

signifi-
cance in the reduction of electromaznetic interference. 3




5-09 Switches, Disconnect switches are used to open
and close circults along the route or loop of the transmission
line. They must be designed to carry their rated current
contirucusly without overheating and must have clearances and
insulation for the normal voltage of the circuit. These switches
are usually mcunted atop the pole at strategic pcints along the
line. Areas of possible interference generation on these
switches are points of poor contact, zorroded contact points, or
misalignment of the switch arm.

Components of the switches are mounted on insulators which are in
turn mounted on a metal frame. It is very possible for the metal
frame to have sharp points, or unbonded or corroded points
causing overstressed air, or sparking and subsequerntly causing
radio interference,.

Mounting of the metal frame too close to other hardware on the
pole will also precipitate radio interference because of small
spark gaps.

Insulators on pole top switches become sources of interference
if they are not installed tightly or for any of the reasons
given in Section 5-02.

5-10 Lightning Arresters. A valve type lightning
arrester is composed, sically, of a resistance element in
series with a spark gap. It is connected between line and ground,
and in parallel with equipment to be protected. Vhen a transient
voltage of damaging magnitude, of aystem or natural origin,
appears at the arrester terminals, this voltage must be diverted
through the arrester to ground. The action is initiated by
sparkover of the series gap. The transient current must then
flow through the resistance to ground.l3

The enclosure containing the sparkgap and resistan:e circuit 1is
a porcelain housing. This assembly is installed along the line
very close to the equipment which it is to protect.

Multiporcelain unit lightning arresters may have an interference
generator set up between the porcelain units. This action is
similar to the overstressed layer of air in the pin hole of pin
type insulators.

In addition to the porcelain housing of the lightning arresters,
the spark gap of the arrester could become carbonized sufficiently
to allcw corona formation within the arrester. This situation




will cause interference of a high order over a large area,.
Defects in the porcelain, in particular hair line cracke, will
cause adio interference of a high order,

5-11 Pole Line Apparatus, Many of the sources of radio
interference due to line apparatus are present because of the
close spacing of this apparatus to other retal components on the
line. Distribution transformers, if mounted on the transmissicn
line pole, could inadvertently be inatalled close to a guy wire
bolt or crossarm. Other sources of interference which may be
caused by the transformer case would be loose bolts, washers or
panels, Other apparatus such as pole line capacitors, taps, etc,
will generate interference similarly if closely spaced or contain
any looge connections.

Apparatus bushings may also be a source of radio interference if
they are not tightly connected with good electrical contact
between all adjoining parts.

5-12 Substations. The substation or switching station
is the main poInt ol power distribution. The function of the
substation is to step down higher voltages, switch from ore
eircuit to another, fuse circuits, meter power, regulate voltage,
etc. Thus, within its confines, the substation contains switches,
transformers, switchgsar, relays, voltage regulators, buahings,
insulators, insulating liquid and metering circuits.

loose contacts, improper splices, defective bondingz and defective
porcelain will all contribute to the generation of radio inter-
ference for reasons previously discussed. These deficiencies

are common to all components in the substation.

Interference generated by switches and switchgea:r will contribute
to radio interference due toc corroded contacts, improner al.gn-
ment of contact blades, or loose contact. Each of these items
will cause ...terference by means of sparkgaps. Transformers

will generate interference mostly because of loose contacts or
poor bonds on the caae of the transformer or uefe-ts at the
bushings.

Corrogion products between metal parts :uill cause thcse metal
parts to become unbonded. Shoulcd a potent:.al difference exist
between the wetal parts, the corrosion preolucts uill become over-
stressed to & peoint where they become high resistance conducters.
This situation will lead to a spark gap genera‘®or and radis
interference.




Interference caused by bushings is due to small cracks which a2
the result of the shrinkage of the inelastic filling compound.
The topcap assembly of the bushing has a thin cork that event-
ually loses its elasticity and 1s subject to cracking during
rain, snow, or similar weather conditions which cool the bushing
rapldly and contract the metal parts. Moisture drawn into the
crack in the compound, formed by the sudden contraction of the
metal, follows the void to the lowest point, the mounting flange.
In time, the molsture forms a conduc®ing Rath for the current
between the cap and the mounting flange.l Thls moisture

causes elther intense ionization of the air or corona formation.
Either will appear concurrent with a high intensity of radio
interference.

Other pointa of interference generation at the bushing are -
dirty or corroded connections, chips or cracke in the porcelain,
leakage of filiing, loose fitting ground strap, excessive
accumulation of carbon on porcelain or in the oil, or moisture
in oil.

Interference caused by relays would most likely be due to
"frying-points". However, this situation would be remedied
most rapidly since it would interfere with service.

5-13 Sources of Interference Due to Corrosion. The rate
of corrcsion on Insulator and conductor hardware depends not only
on atmospherlc conditions and kinds of material, but 21so on
electrostatic overstress. .tmospheric conditions vary widely
and are of importance in determining the nature of corrosion.

An excess of oxygen at the metal surface and an electrolyte are
necessary to promote the corrosion. Airborne impurities,
particularly oxides of sulphur and salts, will accelerate the
corrosion action. Other impurities may serve as a blanket on
vhich moisture may collect to form an electrolyte, Light rain
or mist will supply the moisture for the electrolyte and heavy
rains will often times gash avay the contamination and decrease
the rate of corrosion.?

Tightly adherent products of corrosion may tend to stifle the

rate of corrosion, whereas, loose flaky corrosion products will
tend to hold the moisture in contact with the metal and accelerate
the rate of corrosion,

Leakage currents will flew througih an electrolyte on the surface
of an insulator causing Aifferential voltages which may develop
great encugh potentials to cause a breakdown of the air, " A dis-
charge may occur at points cf high voltage gradients. The ozone




developed by the electrical discharge will accelerate the corrosion
of the metal. Electrical discharges will cause a hissing sound in
the communication receiver.

5-14 Sources of Interference Due to Contar.ination.
Paragraph 5-02 has mentioned The fact that dirt or dust particles
can cause interference to be generated. This "natural!' formation
on an insulator can occur at almnst any location. However, there
is another form of "dirt" on the insulator whkich is referred to
as contamination. Contamination is the crust formation,on the
insulator, of chemicals in the air which are pecullar to certailn
locations. Industrial areas have air pollution. The chemicals
which cause this pollution may gather on the insulators. Sea
gide locations have heavily laden salt air and salt will settle on
the insulatoers. The presence of these chemicals alone do not
cause interference, However, these chemicals have the property
of absorbing and retaining moisture. When the moisture content
of the crust on the insulator is great, it will reduce the leak-
age distance and allow leakage currents to flow. These leakage
currents will generate radio frequency energy in the form of
interference.

Another form of film which may be classified as contamination in
a sense, 38 fog. Fog will precipitate moisture on the surface

of the insulator. If the insulator is not uniformly wetted, local
hot spots will form on the surface of the insulator. 4 hot spot
could ini‘iate spark discharges and precipitate radio inter-
ference from the line.

5-15 Incidence and Nature of Transmission Line Inter-
ference, The Canadian Department of Transport, Telecommunication
Branch, has made extencive studies of radio interference in the
process ~f enf'orcing Law B.S. 800. They have receatly began a
tabulation of the type and number of radio interference sources
reported throughout all of Canada. This tabulation, which
covers a period of approximately one year, .pril 1956 to March 1957
reveals that power and transmission line sources constitute
37 percent of all radio interference sources reported.

The breakdown of inteirference sources from transmissiun lines
of 10 Xv to 90 Kv i3 as given on the following page.




TYPE OF COMPONENT CAUSING INTERFERENCE PERCENT TOTAL

1. Primary (transformer) cutouts. .21
2. Lightning Arresters. .29
3, Transformers (broken bushings). .14
L4, Street light fixtures. .07
5. Hot line clamps (loose). 1.00
6. Cther loose series (current-carrying)
connections, including ground wire circuits. 1.42
g.. Defective insulators. 17.78
. Imperfect contact between hardware of suspension
insulator units, : 3.84
9. Loose tie wires. 39.69
10. Other imperfect contact with, or between, non-
current-carrying metal parts (guys, pins,
bolts, etc.). 2.58
11. Trees touching conductors. b
12. Normal line fry. : .B5
13. Miscellaneous. 1.99
TOTAL Interference 3ources (.pril 1956 %o T0N.00

March 1957)

The fact that power and transmission line sources constitute

37 percent of all radio interference sources points out the
need for interference suppression of transmission lines. This
report indicates that approximately 33 percent to 50 percent of
the power and transmission line sources were from the voltage
class covered in this report. Thus, a substantial portion of
radio interference is generated from transmission lines and
should be eliminated in the initial step toward complete
suppression of all interference sources.

Loose tie wires constitute approximately 40 percent ol the
transmission line interference sources and is the largest single
culprit. Nearly 18 percent of the sources reported were
defective insulators. The other sources listed, although
individually constituting a small part of the total, are never
the less significant and must be carefully guarded against.
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SECTION 6.  RECOMMENDED CONSTRUCTION PRACTICES TO REDUCE
BARIO INTERFERINCE

6-01 General. Good engineering and construction
practices can ellminate much of the radio interference
generated on an overhead line., This section ‘lescribes
remedial measures to eliminate the interference generating
points stated in section 5, Complete elimination of radio
interference generated on an overhead line is an '"approachable
but unattainable goal".3 Economics, equipment available, and
the necessity of complete elimination dictate that this com-
plete elimination is not presently possible,

Construction practices are recommended ir this asection,
whizh will reduce the number of inadvertently installed in-
terference generators on the line., All equipment on the
line and in the substation, discussed and recommended in
this section, should conform to NEMA and ASA standards,
Applicable publications are outlined in Section 10 of this
report,

6-02 Insulators. Numercus systems have been devised
to eliminate corona formation and minute sparking at the
crown of pin type insulators., Corona formation and small
spark gaps are to be avoided since they a.¢ interference
generators, Some of the numerous treatment of insulator
systems which were tried on pin type insulators are the
application of a metal cap cemented to the head, the use
of metal applied over the tcp central portion beyond the
tie wire groove, the use of an irridescent coating over the
head, filling the grooves with a conducting asphalt compound,
and the use of a head haging the top impregnated with a
copper oxide glaze, 17, 1

Of the many systems devised, the copper oxide glaze has been by
far the most successful. The copper oxide glaze is applied

in the factaory during manufacture, The advantag: of the copper
cxide glaze is that it 18 not a superficial coating on the
insulator but an integral part of the insulator crown. Thus,
it is not subject to cracking or peeling.

The use of asphalt emulsior :pplied to the tile wire groove

of the pin type insulator has been fairly successiul. This
emulsion is applied to the insulator in the field. The asphalt
emulsion 18 a conducting medium, bonding together the conductor
tie wire,and crown of ¢ pir insulator, A great disadvantagc




in the use of asphalt emulsion is the extreme care which

must be taken to assure proper field application., F. 0.
McMillan 19 describes the care that must be taken during

the application of the asphalt emulsion and cites the dis-
advantages of this system, The cocating must be evenly applied
over the tie wire, conductor, anl tie wire groove. This
system should be employed only as a stop gap measure to re-
duce the radio interference since it is not a permanent
remedy.

Rather than proceed with treating pin type insulators to

reduce areas of overstress, the insulator industry has designed
an insulator, the post type, which bypasses the shortcomings

of the multi-procelain insulators, Post type insulators

are finding favor in the power utility industry. The post
insulator has a very low capacitance which accordinzgly requires
a lower charging current than pin type insulators, The pmst
insulators are not subject to a high order of interference
either upon proper installation or after a number of years
service.

Mechanical strength is another advantage of these insulators.
Since hairline ocracks are to be avoided in the insulator
porcelain, an insulator with good mechanical strength is
advantageous., The post type insulator is mechanically stronger
and more convenient to handle and install than the pin type
insulator,

Post type insulators are shown on Pigure 2, The side groove line
tie, top groove line tie, and the clamp top line post insulators
are shown, The ccnductor is attached to the side groove and top
groove insulators by means of a tie wire. The clamp top post
insulator utilizes a clamp to attach the conductor to the in-
sulator. Assuming proper tie wirs connection of the conductor

to the insulator, the entire assembly is electrically bonded,

The spaces dbetween porscelain which exist on pin type insulators
are not present with the post type insulator Jesign.

Pin type insulators have large pin holes far the mounting of
the insulator. This paint has been an historical source of
interference, Many systems have dbeen devised to eliminate
spark gaps which generate interference in the pin hole. 2ine
thimbles, metal glazes and asphait emulsions have all been
partially successful in eliminating poor contasct at the pin
hole, However, with the post type inlulntoriﬁothio spark

gAp generetor is not predominantly present. st insulateors
utilise metal stud bolts which ensure good electrical donding
between the insulator and the mounting bolt. Thus, another
point of interference genereation inherent to pin insulators
has been esliminated in the post type insulator,




Theclamp top post line insulator is preferred for the
connection of the conductor to the insulstor since positive
electrical contact is obtained and preserved, Post clamp
top insulators are manufactured for use on tiansmission
lines voltages of 23 Kv or greater,

Another type of insulator erployed in the construction of
higher voltage subtransmission lines is the suspenaion type
insulator, In order to have a "Quiet' suspension insulator
string, certain requirements must be met, Each insulator
along the subtransmission line must be weight loaded., Con-
tact between insulators must be positive. Metallic material
should be galvanized to protect the metals from corrosion.

Most important in the use of string insulators is the fact
that each agring must be under tension in tne minimum amount
of 340 1bs,

Throughout the discussion of insulators mention has not been
made of the proper insulation level for the subtransmission
line, The Jjudgment of the designing engineer dictates the
proper level of insulation. The engineer's decision 1is
based on the voltage level of the line, physical location
of line, past experience, requirements of the National
Electric Safety Code and the practice of the particular
utility.

6-03 Tie Wires. Tie wires cause interference due
to improper and unmowingly faulty installation procedwes,
Tie wire ends shouid te rounded or cut off square to avoid
sharp enids., The size of the tie wire should be such that it
will fit “he insulator groove to secure good contact. When
installed, the tie wire should make good contact with the con-
ductor, and the end of the tie wire should be looped, touching
the conductor, and be as far from the insulator as is practical.
Figure 3 presents one approved method of installing the tie
wire,

Aside from the radio interference considcraticn, this method
presents an easy "hot stick” installation of the tie wire, which
is an additional savings of line shutdown which oay be avoided.

The study conducted by the Canadian De nt of Transport
pointa out that lcose tie wires cause 408 of all interference
along the line. The importance of obtaining & secure tie wire




connection should not be overlooked. The use of the clamp
top insulator is strong.y recommended., The clanp top in-
sulator provides a more assured connection of the conductor
to the insulator.

6-04 Conductors.

a. Diameter. Increasing the conductor diameter
is a generally accepted method of raising the corona threshold
voltage and thereby reducing the radio interference caused by
the conductor, If allcther noise gensrators on {he l'ne were
eliminated, then interference becomes ¢ direct function of
conductor diameter. Howsver, the diameter of the conducter
is controlled by the power to be tranamitted and also by
economy. Eliminating all other sources of interference 1is
not practical, thus, we come to the practical standpoint.

The conductor diameter should be such that it will carry

the intended power, and is an economically feasibie size cone
ductor. Rorden20 maintains that conductors used on present
day transmission lines at voltages under consideration in this
report are interference free and acceptable from an inter-
ference standpoint. Present day conductors are designed to
transmit the desired power at a low power loss, As the line
voltage is increased the line design is controlled by the con-
ductor diameter as 2 function of radio interference generation
rather than by concductor diameter as a function of power to be
transmitted.

20 b, Conductor spacing. Experiments conducted by
Rorden®” and SlemondX Indlcaty as the distance between
conductors in a t).~ee pr2se single circuit system is decreased,
the readis interferance between the conductors is increased.

In this -ame experiment, it was determined that the rediated
interference trensverse to the conductor was decreas a8

the conductor spazing decreased. Sterba and Feldman have
stated that the amount of energy radiated is directly propor-
tional to the #q:are of the distance between the conductors.
Theoretically, as the distarce between the conductors is de-
creased, the amount of interference radisted approaches zero.
It 18 not practically poasidble tc closely space the conductors
on oveihead, three phase aystems. In general, the spaoing of
the conductora is a compromise between corona losses, lightning
surges, economy, climbing space, etc. Thus, the apacing of
the conductors should be as close as the adbove factors permit.




c. Sglioes. Secure contact must be obtuined
at the conductor splicé to ensure that radio interference

is not generated at that point., Pressure sleeves or automatic
splices should be used to connect together conductors of similar
metals. The splice should never be made by twisting the con-
ductors together, Always use the special connectors designed
and manufactured for the purpose if dissimilar metals are to be
apliced together.

6-05 Poles and Crossarms. Crossarm material on wooden
poles can be eIther wood or metal. However, metal orossarms
are looked upon with disfavor from a radio interference stand-
point. Metal crossarms form a resonant dipole for some fre-
quency in the spectrum. The frequency is dependent on the
length of the crossarm, The metal crossarm then becomes &
radiating antenna for the frequency to which it is accidentally
tuned. Thus, any interference present on the line at the
frequency to which the crossarm is accidentally tuned will be
efficiently radiated., In addition, other frequencies will de
radiated somewhat less efficiently. For this reason, metal
crossarms should be avoided in the construction of overhead
lines utilizing wooden poles,

Wooden crossarms on wooden poies are recommended in the con-
struction of orerhead lines,

6-06 Hardware, As described in section 5, the main
sources of interTerence along a transmission line are points
of corona formation and spark gaps. Hardware on the crossara
or pole which is closely spaced can cause corona or spark gaps
between them with resulting radio interference.

klt heads, washers, staples, and nuts on the overhead line
pole should be apaced at least two inches apart. Washers
which have a sQuare or rectangular configuration should be
placed with a side parallel tocther metal washers or metallic
parts, along the crossarm or pole to insure greatest distance
and lvo%g points towards another metal object as shown in

Sharp projections on all metal parts should de avoided., Loose
hardware,. sspecially poor contact between washers and bolts
will cause interference because of poor contact, causing lnter-
mittent spark discharges. Lock washers should be used on all
nut-bolt sssemblies. If further ass ce of tight hardware

1s desired, a lock nut should be used.23 A spring washer has
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been successfully employ®#d to assure tight hardware,

The spring washers are used wheré excessive shrinkage of wood
is likely to occur. No lock nuts need be used as spring
washers form an effective loek. The spring washer is “'33
under the nut in the same manner as the ordinary washer,

Static proof hardware is designed to eliminate spark dis-
charges between the bolt and washer. This type of hardware
employs a bolt and washer formed into one piece and a nut
and washer one piece assembly,

MP lock nuts form a solid unit with the bolt and do not
ordinarily loosen regardless of the amount of vibration to
which they are subjected. However, even though they are not
loosened by vibration, they can easily be removed with any
standard wrench.

In order to :void interference generated at the hardware
loose conditions must be avoided. For this reason, static
proof hardware 1s recommended. The static proof bolt washer
used in conjunction with a nut and spring washer, or with an
MF lock nut should be used.

6-07 gg¥ Wire. QOuy wires are usualiy in the electro-
static field o e conductors. Since they sre in this field
they will have a voltage induced in them, The proximity of
guy wires to other conl..ting objects along the transmission

line will present an Opportunity for intermittent spark dis-
charges. Under such conditions radio interference will com-
mence. Therefore, guy wires should be spaced 3o that they
will not either brush or some in contact with other conducting
objects,23 FPigures 4 a, ¢ and d describe the placemsnt of the
guy wire and guy wire bracket to avoid either contacting or
brushing other conducting objects.

Quy wires should be kept taut. This will maintain contact
between the guy wire and its mounting bracket and also prevent
it from swaying. Guy wires should not brush against trees or
shrubbery These items are conducting mediums of high revsistance,
A voltage could be induced into the guy wire causing an inter-
mittent spark tco the tree or shrubbery.

Bach guy wire should have its own guy wire bracket on the pole.
Avoid the prectice of connecting two guy wires to one guy wire
bracket.




6-08 Ground Wire, The ground wire connections
are as potential a source of radio interference as the con-
ductor connections., The connection to the ground wire at
the pole should be a clamp locking type. When the ground
wire is guided down the pole it _should remair away from
other conductors and hardware.23 ®igure 5 shows one method
employed by The Detroit Edison Company t0 assure proper
distances from the conductors and polr line hardware.

The resistance of the ground wire to earti should be below
10 ohms, This will provide a fair r.f. groind,A lower res-
istance would present too stringent a requircment upon the
construction,

Grcund wires to ground rods siiould be covered by a wooden
molding with the staples over the molding to maintain a dis-
tance between the staples and the ground wire, The ground
molding should cover the ground wire “rom the grade to withir
three feet of the lowesat crossarm supporting the high voltage
conductors,

6-09 Switches, The "make" ccntact on a pole top
switch, or loose hardware cn the switch, could pruduce radie
interference by setting up a spark gap situation, This
situation occurs at the contacts when &8 positive ccnnection
is not obfained or when the contact points have been burned
or corroded. Metal parts on the switch which have become
loose will produce radio interference.

Pole ton switches used on overhead transmission iines should
have clean positive contacts. Components of the pole top
switch agparatus smould be well tightened and bonded toe.
gether.?2

Post type insulators design is recomnended as the insulation
used in conjunction with the pole top switch.

6-10 Lightning arrestors. The porcelain shell of
the lightning arrzstors ahculd De similar in configuration to
the post type insclator. The design is self cleaning in
normal atmospheres and thus prevents minor contaminants from
remaining on the porcelain,

The metal to porcelain mounting of the lightning arrestor
should be a tight connection to ensure that a spark gap or
intemmittent sparking will not occur.




Construction of the lightning arrestors should be such
that corona formation or sparking will not ocecur internally.

Radioc interference-free lightning arrestors should be spec-
ified for all new conastruction., A lightning arrestor de-
termined to be an interference generator on old construection
should be inmediately replaced with a radio interference-free

6-11 Pole Line A atus, All apparatus within the
electrostatic TIeld oI the conductors should be designed,
constructed and maintained so as to avoid, as far as 1is
economically feasible, potential gradients which would be
sufficient to cause an electrical discharge. The apparatus
should not permit electrical disgharges at the highest voltage
at which the system is intended to operate normally, and
under ordinary weather conditions.

6-12 Substation Construction.

a. The substation may act as a transferring
medium for the radio interferance if certain precautions are
not observed, The subtransmission line or puwer lines could
have inte-ference induced into it from higher voltage lines.
This interference would travel many miles along the sub-
transmission line, Figures §, 6a and 7, 7a show how to exit
the subtransmission line from the substation in order to
avold this situation. The underground exit of the line from
the substation presents the most satisfactory solution. In
this installaticn, the line leaves at an angle of 90° to the
incoming lime. The underground portion of the line extends
200 feet at which distance it is away from the posaible strong
interference field of the higher voltage line.2> The lead
sheath of the underground cable should be grounded tu zinc
ground rods with a resistance to earth of no: cver 3 ohms,

The second solution shown in Pigure 7 places the subtransmission
line exit at a point farthest away from the higher voltage line
and in the same direction. This system reduces the probability
of interference being induced irto the subtransmission or powe.
line from the transmission line or subtransmission line, The
straight distance away from the substation should be 200 feet.

Substations should be located away from areas of possible
contamination. If near & asprsy pond, the substation should
be located on the windward aide o. the pond. Longer trens-
mission lines which result from locations away from contam—
inalion may be Jjustifiable in the rcsultant lower maintenance
cost, ’
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b, The case of the transformer in the sub-
station should be grounded through a vervy short, large dia-
meter cable or a strap to provide a good r.f. ground. The
reeistance of the ground rod to earth shoulld be in the order
of 3 ohms as measured with a Megger or Vibraground,

c. Bushings, Lower voltage bushings are
usually of the dry type. In the purchase of these bushings,
a8 radio interference free type should pe specified, As
higher voltages are used, o0il filled bushingscomes into use,
Liquid filled bushingsare generally characterized by low
radio interference voltages, A high interference level,
which is not eliminated by cleaning the porcelain, indicates
that the 1iquid level cf the bushings and apparatus should
be checked.

d. The measurement of the radio interference
at the transformer-bushing assembly can be used to determine
the quality of the insulation of the assembly, A reading
below the NEMA level (described in section 10) is an in-
dication that the bushings are free of any incipient di-
electric damage. An interference level "in excess of five
times the NEMA level is congidered reason for remcving
the bushing from service".2

e, Fuses with corrosion resistant ferrules
should be used. The fuse recentacle should hold the fuse
firmly in place., Fuse receptacles which are loose or
“sprung” should be immediately replaced.

6-13 Consideration of Corrosive Conditions,

Typical ferrous metals used for insulator and conductor
hardware are carbon steel, low allo, steel and malleable iron,
The usual procedure is to hot dip galvanize these ferrous
metals. In damp atmcapheres, the zinc coating develop: a
surface of white zinc oxide which changes to basic zine car-
bonate. In mild climates this acts as an insoludble seal and
often halts further corrosion.

in atmospheres contaminated with salts or acid fumes, the

basioc zinc carbonate decomposes allowing further reaction

with the zinc coating. The zinec %ill protect holidays exposing
ferrcus metals as large as 1/B" in dilameter. larger areas of
exposed ferrous metal will decotpose under the chemicsl attack
to form reddish oxides of iron. a5




"Brass and bronze alloys are specified for critical parts
like cotter pins, and for insulator and conductor hardware,
when corrosion resisting, non-magnetic or current-carrying
characteristics are especially useful,l® These alloys
form corrosion films of oxides or basic carbonates in mild
atmospheres. 1In more corrosive atmoapheres, these oxides
and/or basic carbonates are dissolved away somewhat more
slowly than those of zinc or ferrous metals.

The use of aluminum alloys is spe:ified in conjunction with
the designs employing ACSR calbles. The aluminum alloy
suspension and strain clamps used with aluminum conductors
have been beneficial because of their non-magnetic, corrosimn
resisting nature.23 These alloys form an impervious oxide
layer which retards further corrosion, Silicon dbronze and
stainless steel have been used to replace the carbon steel
parts of inaulators or conductor hardware for extrame ine
dustrial or marine exposure, These metals have been employed
only in extremely corrosive atmospheres. This solution in-
volves an increase in manufacturing cost and can be justified
only where the g—eater hardware life permits a substantial
savings,

Corrosion factors are sometimes a determining factor in the
location of a substation or overhead line. Substations should
be located on the windward side of a spray pond., A longer
transmission line can be justified if it avoids areas of
atmospherric contamination thus reducing maintenance costs and

radio interferencc intenaity.

The amount or degree of corrosion of metal parts will vary
with the concentration and kind of pollution, degree of rein-
fall, wind direction and velocity, amount of voltage stress
and other atmosplieric conditions such as humidity and tem-
perature. Thus, the selection or the components on the over-
head line should be selected considering the atmospheric con-
ditions cof the area.

In general, hot dipped galvanized malleadle ircon resists atmos-
pheric corrosion more effectively than carbon steels, When
stlleadle iron clamps are used in conjunctiorn with -€..1 bolta
and nuts, the steel rusts but the iron remsins intact. Many
utility companies find it eccnomical %o replace the steel
parts and continue such clamps in service.




For suspension insulators with steel pins and malleable
iron ocaps, the limiting part iswually the steel pin.
The steel pin should equal the corrosion resistance
performance of the malleable iron,

With regard to the grcunding aystem usea for overhead
transmission lines, certein precautions should be observed.
Dissimilar metals should never be connected together in

an electrolyte, This i3 extremely important since the

rate of corrosion of metals i3 great.ly accelerated by such
common practices as connecting steel and copper together
where ar. electrolyte (earth) is present, This may occur
where a steel guy wire 1s connected to the copper ground
system, If one of the dilssimilar metals is insulated from
the electrolyte, accelerated corrosion due to the dissimilar
metal couple will halt. Thus, if copper is connected to

a steel ground rod, the copper should be insulated from

the electrcolyte both at the Junction and wherever it is in
contact with the electrolyte. It is necessary to isolate
the copper, in this instance, entirely from the electrolyte.

In some cases the galvanic couple can be broken by i..stal-
ling in the wire an insulator, This insulator will break

the DC continuity of the system but not the mechanical
strength. This method is especially recommended on guy wires,

Table No, 1 lists the galvanic series of metals in an
electrolyte (such as earth), If two metals are connected
together in earth, the metal nearest the top of the table
will corrode to themetal lower in the table. Thus, if

steel were connes®sd to copper underground, the steel would
corrode at an accelerated rate. Only metals which Qre close
together on the table should be connected together.27

An example of this wculd be cast iron and mild steel.

In certain instances it is desired to ccnnect one metal to
another in order to sacrafice one t~ _rctect the other,

This is termed cathodic protection. It is far better to
ground lead to zirc ground reds or galvanized steel ground
rods than to copper ground rcds, Using zinc or galvanized
steel as the ground rod performs two functions: {1) the lead
sheath is properly grounded; and (2) the lead sheath is under
cathodic protection. Should copper ground rods be used, the
lead sheath will corrode at an accelerated rate to protect
the copper ground rods. Thus, :t is safer and mare economicai
to use ground rods which will provide the necessary ground
resistance and which will not accelerate corrosion.




TABLE NO,. 1

GALVANIC SERIES OF METALS

Corroded End (Anodic, or lsast noble).

Magnesium

Zine

Galvanized Steel or Iron
Aluminum 2S

Cadmium

Aluminum 356

Aluminum 195

Mild Steel

Cast Iron

Stainless Steel (18-8) (Active)
Lead-Tin Solders

Lead

Tin

Nickel (Active)
Brass

Copper

Bronze
Nickel (Passive)

Stainless Steel (16-8) (Passive)
Silver

Greaphite

Gold

Fiatinum

Protected End (Cathodic, or moat noble)




The recommended practices with regard to corrosion arc:
1., Hot dipped galvanized malleable iron, carbon, steel,
or low alloy steel should be used for all hardware and
metallic parts in normal atmosphere,

2, In corrosive atmospheres, non-corrosive metals which are
most corrosion-resistant in the particular atmosphere 1in
question, should be used,

3. Similar metals shall be used in making electrical con-
nections whenever possible,

4, whenever it is necessary to connect dissimilar metals,
in the presence of a contlnuous electrolyte, one metal must
be insulated fromthe electrolyte by usinz moisture resistant
rubber vape,

5. Use galvanized steel or zinc ground rods and tape the
ground wire one foot above ground level to and including
the ground rod connection with moisture resistant rubber
tape,

6-14 Recommended Practices for Porcelains in
Contaminated Areas. 1n many areas, heavy surliace contamination
ol Insulators Is caused by salt spray, dust, industrial fumes,
concrete dust,etc., This contamination ordinarily is not
harmful if heavy rains are frequent enough to keep the insul-
ators washed. However, if light rains or fog are cormon,
the contaminants collect moisture and cause not only radio
interference, but also crossarm charring, poletop fires, and
insulator flashovers.

The remedy for radio interference caused directly by con-
tamination 1s dependent upon each particular location and
situation. Frequently the remedy may be an increase in the
level of the line insulaticn. The minimum precautions which
should be observed in order to minlmize radio interference

in contamination areas is overingulation of the line by 33-1/3%
using fog type insulators, Further overinsulation may be
required in some instances, Since contamination varies

with locations, the amounts of overinsulation should be de-
termined with each saituatiorn,

In areas of high contamination, the 33 1/3% incresse may not
eliminate radio interference due to contamination, Under
these conditions an insulator washing program should be in-
vestigated,




The criteria of a program of washing insulators is dictated
by such factors as dry weather or excess contamination,

During dry spells, contaminates gather on the insulators and
are not washed off by rain, Excessive contaminates gather-
ing on the insulators,which are not washed off by rain, should
be washed off by & high pressure atream of water,

The high voltage insulators should be washed by a high pressure
stream of water froma firehose o: a truck. This operation
must be performed only under proper, experienced auperviaion.lo

"Caution" should be exercised in performing the washing
operation., It should rot be attempted by anyone except
authorized perscnnel of a power company or persons thoroughly
familiar with high voltage equipment. All normal safety
precautions must also be observed,

The hose nozzle must be securely grounded for the operator's
protection, and the operator should be provided with a well
insulated platform on the truck. The time required for each
pole 1s only a few seconds and thus it is not an expensive
procedurs,

The insulator surface contaminants peculiar to some areas
cannot be removed easily by a high-pressure water stream,

In this case, silicone materials, such as "Insulcone", are
available from the insulator manufacturers for applying

to the insulator surfaces. After the silicone is applied

to the clean insulator surface, most contaminants will adhere
o¥1y very lightly and can be easily washed away by a stream
of water,

' 6-15 Radio g§§§uencT (r.f.; Choke Coils., Choke coils
present a mechod ol atten ng conducted Interference along
a desired length of the overhead line. The choke coils are
placed in series with each phase of the overhead line., At
the lower voltages, r.f{. choke colls can easily bs installed
and can be Jjustified from an economic standpoint. As the
voltage increases it becomes somewhat doubtful as to the
economic justification of using choke coilis as opposed to re-
building the line, Choke coils for the higher voltage lines
become samewhat physically larger due to higher voltage
requirements., The larger size of the coils presents instal-
lation inconveniencea along with higher costs, Before choke
colls are considered, the cost of rebullding the coverhead line
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as described in this section, should be compared to the

cost of inatalling choke coils, It should be rememberad .
that choke coils do not eliminate the interference conducted
on the line, but merely attenuate 1it., The decision to use
choke coils shoculd be based on such factors as:

1. The interference generating line can not be rebuilt
economically because of its length, ete.

2. Interference along a section of the line not on the
naval establishment can be tolerated but not where it feeds
on to the naval establishment,

3. Economic justification, location, and feasibility of
installation,

Choke coils are effective in reducing the transmission of
radio interference over a range of frequency corresponding
roughly to the standard broadcast band, if the coils are
properly installed. At higher frequencies, effectiveness
is poor because of tne inter-turn capacitance of the coils,
Choke coils can be designed to reduce interference in other
relatively narrow frequency bands, but never to cover all
bands with a single coil or set of oolls,

It is recommended that choke coils designed for a specific
frequency range be used when it 1s found that serious radio
interference occurs only in that specific band,?2

Radio frequency choke coils are induction coils placed in

series with the power line. The coils are s¢ designed to prescr
a high impedance to radio frequencies and a very low impedance
to sixty cycles. Isolation of sections of power lines from
radio irterference is accomplished by placing theue r.f. coils
in serles, properly spacgd along the line at each end of the
section to be 1solated.18,29,30° ‘Two of chese coils, in

series, in each power wire, constitute an attenuation section
and reduce the interference level upproximately 25 db. (&

ratio of 15 to 1)."

"Two sections of attenuation consist oi three ¢oils in series,
the center coil being larger than the ena coils. This arrange-
ment gives approximately 50 db. noise attenuaticn (a ratio of
300 to 1). More sections can be added if necessary."9




R. P. Coils will prevent interference originating outscide
the naval establishment from entering the naval property

on the overhead lines. The coils will not prevent or at-
tenuate interference originating on the isolated section

of overhead line on the naval establishment., The previously
described precautions, for the prevention of radic inter-
ference generation, should be observed within the naval
establishment,

Should this system be desired, an interflerence company,
specializing in r.f, choke coils, should be consulted.
Extensive investigations are being conducted on the problem
of fiitering radio interference out of an overhead line by
the U. S. Naval Civil Engineering Research and Evaluation
laboratory at Port Hueneme, California. The experience
gained by this laboratory in their numerous investigations
should be utilized in the consideration of choke coils or
filter installations.

6-16 Attenuation by Means of Underground Instal-
lations. Another method of preventing radio interference
from entering a naval establishment from an outside source
is to place the power line underground in cable.25 The
capacity of the cable provides a by-pass of low impedance
for the radio frequency energy which is drained off to
ground, leaving very little radio interference on the line
when it is again brought overhead. The underground portion
of the line shoyld be at leagt 100 feet., The lead sheath
of underground cable should be securely grounded to zinc
ground rods with a resistance to earth of not over 3 ohms,.

6-17 Miscellan:ous Items. A conductor passing
through a8 tree should have at least three feet clearance
to any part of the tree, Trees should be trimmed as require

a.14

Should insulated wire be used on any of the overhexllines,
certain precautions are necessary to av-id rzdio interference
generation, Before connecting the cable to the insulator
remove insulation from the cable. Tie wire should contact
only bare conductor. Remove insulation at any point whe
conductor com2s in contact with insulators, or dead ends.

All foreign matorial should be kept off the line, Kite

strings and hay wires are prolific radio interference gen-
erators and should be removed from the overhead line¢3
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6-18 Interference Suppression at the Receiver,
Complete interference suppression 18 not presently poasible,
Transmission line interterence is a portion of the toial
interference present. Atmospheric disturbance, over which

man has no control, plus interference from man-made objects,
all confribute to the overall intensity of interference.

Every effort should be made in the design of the communication
recelver to suppress incoming interference. This precaution
in the design stage will g}d in the apparent reduction of

the overall interference,J+

6-1¢ Summary of Recormmendations. Figures 5, 8,
8a, 9, 10 and IT present recommended construction practices
for overhead transmission lines, These figures show an
overall view of the construction. Specific points are
listed below.

Insulators

1. Use post type insulators of the proper Kv rating.

2. Clamp-top, post type insulators are preferred.

3. Suspension insulators, when used, shall be weight
loaded by 340 lbs, at all times,

Tie Wires

4, 1If tie wires are used, they shall be installed as
shown in figure 3.

Conductors

5. Use the largect diameter conductor that can be
ecoriomically Justified,

6. Space conductors as close together as economy of
power loss and safety will permit.

7. Use pressure sleeves or automatic splices for splicing
conductors,

8. Use special connectors, designed for the purpose, when
splicing conductors of dissimilar metals.

Poles and Crossarms.

9. Use wooden poles,
10, Use wooden crossarms and crossarm braces,




Hardware

11.

12.
T

Use static proof hardware.

Use spring weshers or MF lock nuts.

Space all hardware &t least two inches apart,
Place square or rectangular washers with a side
parallel to adjacent metal parts,

Gux Wires

15.

16.
17.

Place guy wire ~'ear ofother metal structures
along the line and on the pole.

Use a guy bracket for each guy wire,.

Guy wires shall be keot taut at all times,

Ground Wires

18.

19.
20,

Place down pole ground wire clear of conductors
and all hardware,

Use wood nalding over ground wire down the pole
with staples over the molding and not the wire,
Resistance to earth of sround shall not exceed
ten ohms.

Top Switches

2l.
22.

o2

Tighten all pule top switches and switch mounts
befors installation.

Place pole top switch supports at least two inches
away from all other unbonded metal on the pole,
Rourd any sharp points on pole tcp switches,

Crhecik "make" contact of all switches to assure that
thcr are clean &nd provide a positive connection.

Lightning Arrestors

25,

Cse lightning arrestors of the radio ‘nterfarence
free type,

substations

26,

Place the low voltage exit, from & substation, under-
ground ard at an angle of 90° minimum to the entering
Figh voltage line for a minimum distance of 200 ft.
(see figure 6); or see item 27, Page 39.
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27. Exit low voltage line, overhead, at an angle of 180°
to the incoming high voltage line (See figure 7).

28. 1locate substations away from areas of possible
contamination,

29. Transformer cases shall be grounded through a short
strap and the resistance to earth shall not exceed
three ohms.

30. Use bushings of the radio interference free type.

31. Use fuses with corrosion resisting ferrules, make
sure fuse fits tightly in clips.

Contamination

32. 1Insulators in contamirnated areas should exceed normal

insulation by 33 1/3% minimum and be of the fog type.

33. Washing of insulators may be necessary in dry climates
or areas of high contamination,

34, In areas of heavy contamination, a program of washing
the insulaters should be initiated.

Radio Frequency (r.f.) Choke Coils

35. R.F. Choke coils may be used to attenuate conducted
interference

Uhdqgggound Attenuation

36. Placing sections of the line underground may also
be used to attenuate conducted interference,

Corrogsion

37. Hot dipped galvanized malleable iron, carbon steel,
or low alloy steel should be used, for all hardware
and metallic parts, in normal atmospheres,

38. 1In corrosive atmospheres, non-corrosive metals, which
are moat corrosion resistant in the narticular atmos-
phere in question, should be used,

39. Similar metals shall be used, in making an electrical
connection, whenever possible.

8O, Wwhenever it is necessary to connect dissimilar metals,
in the presence of a continuous electrolyte, one metal
must be insulated from the electrolyte by using moisture
resistant rubber tcpe,




41, Use galvanized steel or zinc ground roda and tape
the ground wire from one foot above ground level
to and including the ground rod connection with moisture
resistant rubber tape,

Miscellaneous

42, Trees and shrubbery shall be trirmmed to prevent con-
ductors, guy wires or ground wires from touching or
brushing a, ainst them,

43, conductors shall have three foot clearance to the
nearest tree branch.

A, If insulated cable is used, the insulation shail be
stripped off cable at all insulators or dead-ends,
Foreign material, such as kite strings, hay wire,
etc., shall be removed from the overhead line immediately
upon notice,




SECTION 7. DETECTION OF RADIO INTERFERENCE

7-01 General. No definite inatructions can be given

an investigator to enable him to go directly to the source

of interference on a transmission system, and no instrument
has yet been designed which will invariably point to the sourc:
of interference. There are, however, many instructions which
will give indications that will assist the investigator. But,
in order to locate the sourcc, tie investigator must under-
stand the fundamentals of radio frequency conduction and
propagation and be familiar with the electricai system under
investigation. The following notes may be helpful,

Weather Conditlions Affect Interference Source

Much of the radio interference or.sinating from a trans-
mission line may disappear in wet weather, though some-
times the opposite effect is noted. Sources affected
thus, include:

Conductors - Any rain or water on the conductor
will lower the threshold voltage of corona and increase
the interference level, Drops of water form on the lower
or bottom part of the conductor and introduce a region
where the air can and will become oversatressed, resulting
in corona and increased electromagnetic interference.

loose Tie Wires - The moisture from rein, fog,
frost or early morning dew will form a conductor between
the tie wire and power line and thus provide a temporary
bond, often preventing electrostatic discharge,

Normal "High Tension Fry" - Frequently moiature
on top ol an insulator w orm a conducting surface
oringing the entire upper surface of the insulator to a
potential equal to that cf the line, and thus preventing
electrostatic discharge through overstressed air to the
surface of the insulator. These electrostatic discharges
are heard in the receiver as a high tension fry. This
roisture produces an effect similar to that produced by
the conducting surface which is applied to silent type
insulators. The silent type insulator is, however per-
manently silent while the untreaied insuletor becores
noisy again when dry,




Ioose Hardware -~ Wet weather will also reduce much
of the interference originating in loose hardware as
the moisture will temporarily bond the various parts of
the hardware.

A further clue to the location of the interference source is
the time required for the interference noise to return after
rain, The top of insulators will dry out before the moisture
between hardware parts dries,

T-02 Conducted and Radiated Interfererce. In order

to trace radio interference conductad on transmission lines,
the investigator should understand some of the characteristics
of conduction and radiation, Most interference sources on
transmission systems produce radio frequency energy, varying
in intensity, at many frequencies, The attenuation of the
interfering energy slong power lines depends on a number of
factors including:

Radio Frequency - The radio energy at low fre-
guency tends to travel many miles along the line. Atten-
uation_along the line at high frequency is much greater.
Therefcre, it is. desirable to use a range of frequency
for patroi of transmission lines to determine radio in-
terference sources. The receiver may be tuned to pro-
gressively higher frequencies as the source is approached.
Care should be taken, however, to avoid misleading results
from peaks of interference remote from the source which

may be sharper at higher frequencies.

The R, F., Characteristics of the Line - The
radio frequency chAracteristics ol the clrcult depend
upon many factors including the physical spacing of the
conductors, its inductance, and the r.f, impedance of
the cirouit to ground,

7-03 Patrol of the Transmission System. The radio
receiver having a rod antenna mAy be used Tor determining if
redio interference is radiating from a particular transmission
line. If the interference is rediating from the iine in
question, the interference will be higher under the line and
will attenuate when the receiver is moved perpendicularly
dwgy from the line.
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If the interference is not being radiated from the line, the
interfaorence level will be lower under the line due to a
shielding effect and will increase as thc receiver is moved
away from the line,

In order to locate the source of radio interference radiating
from transmission systems, a patrol of :the system 1ls necessary.
For this purpose, a portable receiver with rod antenna or a
car receiver with whip antenna may be vsed and an endeavor

is first made to find the points of ma.i{imum interference
radiation at a frequency near one megacycle or at the inter-
ference frequency if the interference is at a single fre-
quency. If the interference is at a specific frequency,

care must be taken to avoid harmonics which could cause
erroneous results. The receiver should Le tuned to the lowest
frequency at which the interference is transmitted. When
performing the operation, it is necessary to consider, and
hold as nearly constant as possible, the distance between

the line or assoclated conductors and the receiver.

When patrolling the line with the recelver in the car, care
must be taken to observe the distance from the antenna to the
nearest wires radiating interference. If the line does not
follow the road at a uniforn distance, it is desirable to
take all readings directly under the line, However, the
location of the peaks can usually be made from a venicle on

the road. It will be found that peaks of interference occur
when driving under service wires, near ground wires on power
lines, transformers, and street lamps, etc. Peaks of inter-
ference also occur due to change in the radio {requei.cy charac-
teristics of the l.ne at various locations or the system. These
points have frequently misled investigators to locations several
miles from the source, It is, therefore, important in the pre--
liminary patrol of ti.e system to cover a wide area, and before
spending considerable time at any one peak, the intensity of
the various peaks of interferen~e thould be compared and sub-
sequent effort concentrated or the most intense peak.

After patrolling the line at a Irequency near one megacycle,
the receiver should be tuned to higher frequencies, and the
frequency may be !ncreased to 2  megacycles, The rece’ver
should be tuned to increasingly aigh {requencics as the search
area 1s narrowed down, because the inter{erence signal level
changes faster with diastances at higher frequencies, making it
easier to determine the exact location of the source, Exception




in. made to this in the case of single frequency inter-
ference., In this case the receiver, of necessity, must
be kept tuned to the specific frequency of the generated
interference,

Occasionally, the intensity o” interference immediaiely
adjacent to a fault on a transmission line is less than
the intensity at points either sicde of the source, This
may be acccunted for by the fact that radio interference,
180* out of rhase, is being radiated from the line at each
gide of the fault and this radiation tends to cancel out,
thereby reducing the interference voltsge on the receiving
antenna.

In order to compare the interference intensity at various
peaks, the volume control of the receiver may be adjusted
to neer threshold of audibility,

The output voltmeter connected to the receiver is an added
help in comparing interference intensities.

When it is believed that the maximum radiation has been
reached, the actual source may be determined by:

1) Visual inspection (binoculars are useful).

2) Listening for sound from electric spark.

3) Mallet test.

k) ohaking wires and tapping apparatus with an insulated
stlck.,

5) Switching test.

Befcoe shaking wires it is advisable to conduct tests 1)
thre igh 3) thornughly, as the shaking of the line may
temporarily olee: the "fault" and make further investigation
more ifficv1t,

7- 4 Portable Receiver. The first essential for
locating rad .. Irterlerénce 18 a portable radio receiver
covering the lrequsncy range in which clear reception 1s
required. The Stoddart Test Set PRM-1 is very suitable for
these msasuresents. Although this instrument requires frequent
calibretion and must be moved about with care, it is the most
accurate for making field surveys or patrols. Welighting circuit




made up of appropriate condensers and resistors are used
to give an indication of the interference field in terms
of ak", "quasi-peak", or "field intensity" values,

The peak value is an approximation of the actual maximum
amplitude of individual pulses. The quasi-peak circuit
stores up several successive peaks for a short time, and
the reading will depend on how fast the pesks occur., The
field intensity circuilt stores up the impulses for an aven
“onger time and indicates the average value of the inter-
ference. The most useful reading for location of the sources
of interference is the peak value,

7-05 Mallet Test. Sources in the form of lcoz2 con-
rections on a transmission system may be located by striking
the pole with 2 mallet and listening for any change in the
intensity or quality of the radio interference from a nearby
receiver, By striking the pole with a mallet, all the
apparatus on the pole is caused to vibrate and the wire or
metal, at the "fault with vibrate sufficiently to vary the
radio interference, and cause a response in the radio receiver,
Such "faults" as loose tie wires, loose transformer cut-outs
or loose pole line hardware are found by this test., The amount
of vibration required to give this response is so small that
very often a slight tap with the hand ia sufficient, It is
very important that the pole not be atruck with great force,
since this mey temporarily clear the "fault' without revealing
1ts cause, and will reqQuire “uplication of the search at a later
date. When the pole is struck, an immediate change is a good
indication of hardware noise on the pcle being struck, while
a delayed change may mean that the vibration has travelled
along the iine conductors to disturb offending harcware on 2
neighboring pole. The time required for mechanickl vibration
to travel from the pole struck to a distant loose conrection
will sometimes give an indicaticon of the distance of the
"fault” from the pole astruck. For example, anappreciable
delay between striking the pole and hearirg or read!ng the
receiver respanse may indicate the fault tc be several spans

away.

When & pole is struck in the direction ¢of the power line, the
vibration will travel further alcng the lire than when it is
struck at right angles. where lires run at right angles,
this may give an indication of the direction ¢ the 'fault®,
A mallet having a rubber face will not mar polies. Rubbder
from an old tire may be attached to the face of & wooden
mallecx,




7-06 Shaeking wires. The insulated stick is used to
gently probe tThe hardware, ground and bond wires, tle wires,
insulators, snd so on, whlle the receiver output is carefully
noted. When theoffending item is moved slightly, the inter-
ference will change or stop, and the cause can be identified.
"Caution" should be exercised in performing
th~ shaking tesSt, It should not be attempted by anyone except
auvhorized personnel of a power compahy or pe.sons thoroughly
familiar with high voltage equipment. All normal safety
precautions must alsc be observed,

7-07 Switching Test., Switching tests are a very
satisfactory means ol delinitely determining the circuit or
apparatus on which the radio interference originates, and,
in the case of apparatus or snpliances, i3 frequently the
moat convenient method. Swit hing tests on transmission
systems are usually left as a last resort.

It is usually more satisfactory to determine if the radlo
interference ceases the instant the switch 1s opened than to
listen for the interference to commence on closing the switen,
as the Incerference may not start the instant the voltage is
applied, For this purpose, it is necessary to "kill" the
voltage at the suspected source and not merely open the circult,

In switching tests, great careis necessary to determine

whether the interference ceases the inatant the swi%ch 1is

opened as it frequently happens that interference from some
other source may cease about the time the tests are carried

out, If possible, the investigator observing and 1listening

to the interferenc: from the receiver should be in sight of

the switch being opened but, where this is not posslble, a check
on timeaghould be made with watches synchronized within one
second.




SECTION 8. MAINRAINING LOW RADIO INTERFERENCE LEVEL

8-01 General., Maintaining overhead transmisslon

lines in & radio interference-free condition is of extreme
importance for several reasoris, The main reasons are the
necessity for maintaining good communications, accuracy of
radlo instrumentation, and uninterrupted control of sensitive
relays, Occurrence of radio interference originating on

the line itself is generally a warning that serious trouble

is developinz in the power sysvem in the form of defective
line components. Investigation should be made of every source
of interference in order to forestall a possible power fallure.
In this respect, interference control may be thought of as
preventive maintenance, Tris cuntrol is desirable not oniy

to keep interference to a minimum, but also sérves as a
beacon light locating defective components which have not
progressed to the point of causing & power fallure. Power
outages are coctly and the savings of this one ifem alone
will more than justify the cost of interference control maln-
tenance, Each additional source of interference thet develops
multiplies the difficulty of locating any other source; there-
fore, there is no economy in delaying the location and cor-
rection of a source of interference in crder to handle several
"faults" at once, If several interference "faults'" are al-
lowed to develop, the addition of unsuppressed equipment to

or near the transmission system is likely to go unnoticed,

and the control of such equipment will become extremely dif-
ficult. Also, to further prevent the development of inter-
ference, line crews should be trained to watch for the povential
causes of interferencs,

It is recommended that the transiaission system be patrolled at
two month intervals and after any power outages or severe elec-
trical storms. A patrol of the system 1z also recommended im-
mediately after the line has been constructed, rebullt or after
any major repair., This patrol will locate any construction
defects which can be repaired immediately so that lutense

radio interference emission can be avoided. The procedure out-
line in Section 7-03 of this report, should be followed 1in
performing these patrolling operations. It is also advisable
to have field glasses when making the patrol. The field
glusses ave used to inspect the pcints of interference gener-
ation. Thus, the exact cause of the interference may be
observed from the ground., It is possible that the "fault”
generatas interference only intermittently, Thus, such thinge
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ag charred crossarms, demaged insulators, etc, should be watched
for during the patrol, These items should be repaired, even

if they are not continuously causing interference, as they

are probably causing interference at intermittent intervals.

8-02 Performance of Tests, ‘he cost of interference-
measuring instruments 18 very high anc calibration is ex-
pensive and time~consuming. Since a full fleld survey of any i
particular station is needed only occasionally, approximately i '} /
once a year, it is generally advisable to have the survey
made by a local private contractor. Several firms have the : {
necegsary instruments and experienced engineers needed for . .
such surveys, &and will furnish their services at reasonable i
cost, However, the periodic line patrols are of such a nature
and the equipment 1s such that they may be performed by Navy L
personnel,




SECTION 9. ECONOMICS OF RADIO INTERFERENCE CONTROL

9-01 General. The problem of elimination of
electromagnetic Interference has been under consiceration
by electrical and radio englneers for about 45 years.
Interference elimination iy desirable 1in that 1t would
result in increased quality of radio reception. Further-
more, radio interference can play a villaincus role in
causing malfunction of electronic mechanisms, Thus, 1t
can be seen that complete interference elimination would
beadvantageous. However, complete elimination of electro-
magnetic interference from transmission lines is an
"unattainable goal"; but reducing the intenference to an
acceptable level is economically attainable.

In order to set the "acceptable level", the magnitude of
inherent interference fromwell designed and maintained
transmission lines must be known. From the investigation
conducted in Phase II, and information avallable in the
literature, a practical limit of interference from trans-
mission lines, up to 66Kv, was established in Phase III.

This is a level which is economically and practically feasible
and can be substantiated by fleld data and current literature.

Phase IV is a study of the procedures and equipment for
the suppression and mitigation of electromagnetic inter-
ference voltage to acceptable levels, This study includes
recommendations on power line components, such as, trans-
mission llnes, up to 69Kv and substation equipmen:, Phase
IVeoncludes that the most practical method of suppression
and mitigation, for both new and existing overhead trans-
mission lines is tue elimination of the interference sources.
The eliminatlion of potential interference sources zand a safe-
guard against the formation of sources inciudes:

1) Proper selectien and testing of material,

2) Proper constructicn practices,

3) Prcper maintenance, including radio patrols,

The control of radlo interference from overhead transmitsion
lines is not an expensive operation. In fact, if the benefits
derlived from this control could properly be eveluated, the
savings would greatly exceed any slight increase in cost,

The control of interference must bLe considered in &ll phases
of construction, Consideration in the design involves simply
the selaction and proper spacing of interference-free type
components. The cost of thesc compcnents does not add
substantially to the overall cost of the transmission line.
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The consideration of interference control in construction
does not vary the cost appreciably. These construction
practices will be very similar, if not identilcal, to the
usual construction practices, However, a slightly in-
creased cost will result due to the necessity for a more
stringent quality control check, In the maintenance of
overhead lines, patrol ofthe system with radio interference
equipment may be in addition to normal patrol procedure,
However, some progressive utility companies have initiated
this system and found it to serve a dual purpose, Radilo
interference sources are located but these sources are also
defects in the line which are likely to develocp into a

cause of power outage. Thus, preventive maintenance rather
than radio interference control would more properly designate
this patrol, Following this logic, interference patrols

do not increase maintenance costs but, conversely, reduce
them,

9-02 Future Construction. Installation of radio
interference free hardware and insulators for new construc-
tion would increase the cost by approximately 1%. However,
the reduction in maintenance costs will, within the first
year, be equal to or greater than the added original cost.
Thus, this increased investment is amortized within one
year after construction and each succeeding year results in
a savings of approximately 1% of the original cost per year.
Purthermore, this added costis justifiable to insure good
radio reception during a national emergency or to eliminate
the possible misfire of a sensitive electronic relay at an
inopertune time, etc,

The above justification cannot reasonably be evaluated

in dollars, but is, as is a well known fact, of enormous
intangible value,

9-03 Existin% Transmission Lines. The cost of re-
insulating and replacing ware on an éexisting trans-
mission line is estimated to be $1500.C0 per mile, Thls
estimate was made assuming & 45 Kv line replacement of pin
type insulators, and a span length of 250 feet., It was further
assumed that this line was rebuilt to conform with the inter-
ference free criteria, as outlined in this report.

However, this total cost cannot be considered as *he cost of
interlerence proofing the transmission line. Approximately




95% of the pin type insulators may be salvaged for
replacement use in areas where radio interference control
is not a criticil problem., Thus, the value of these
salvaged insulators, $500.00 per mile, may be deducted
from the gross, The resulting net cost, $1000.00 per mile
is the true cost of interference proofing an existing
transmission line. This expense is Jjustifiable, for the
reasons as outlined in Section 9-02, by the tremendous
value of the intangibles concerned, Furthermore, this

net cost of $1000.00 per mile, is partially justifiable

on an economic basis, The radio interference proofing of
the transmission line will decrease maintenance costs by
reducing the necessity for retightening hardware periodically.
This maintenance saving is estimated to be approximately
$100.00 per mile per year, Thus, within a 10 year period,
the investment will amortize itself and result{ in a savings
during the rest of the service life.

9-04 Transmission Line Patrols. Periodic patrols
of the power anhd transmisslon system are recommended in
this report for locating radio interference sources., Thes~
patrols are the only recommendation which may be over and
above normal operating procedures. It should be pointed out,
however, that some of the more progressive utility companies
have initiated, on their own, a program for patrolling their
systems lines, This operation fulfills a two-fold function
of interfeerence location and of preventive maintenance against
power outages, By locating and eliminating the interference
sources, "faults" which probably would develcp to line out-
ages are also located as they are generally one and the same
point. Thus, these "faults" are repaired before falilure ac-
tually occurs, These companies have found tha* the reduction
in customer complaints, concerning radio interference or the
increased goodwill coupled with the reduction in maintenance
costs 18 sufficient to warrent this patrolling operation.




SECTION 10. QUALITY CONTROL OF TRANSMISSION LINE COMPONENTS.

10-01 General. '"Prevention is easier than cure® 1s an
old axiom which very appropriately applies to racdio interference
reduction. In the construction of ar overhead line, every care
can be taken with the details of construction and still the line
may not be interference-free. This could be possible if the
component parts on the line were not pretested to ensure their
conformity to a specification. Ths» National Elec¢tric Manu-
facturers Association and The American Standards ..ssociation have
established a method of testing line components and have estab-
lished the limits of interference for major component parts.

10-02 Method of Measurement. A standard method of test-
ing major line components has been devised and accepted by the
pover utility industry and manufacturers of power utility equip-
ment. This method is described in detail in "Methods of
Measuring Radio Noise," NEM. Pub. No. 107. This publication is
a report vy the Joint Coordination Committee on Radio Reception
of EEI, NEMA, and RMA and can be obtained from The National
Electrical Manufacturers ..ssociation, 155 East 44th. Street,

New York, New York.

10-03 Limits of Interference. Voltage of testing and
limits of radlo Interference have been established by NEMi and
ASA. The NEM: standards which should be followed are: Wet-
Proces: Porcelain Insulators, publication numbers 140, 145 and

I07; Transformers, publication numbers TR 1 and TR 2; Power
Circuil Breakers, 3G 4; Lightning irresters, Ian 1 to LA 5; and
Coupling Capacltors, SG 11. e \merican Standards Association
pubiication, Amerlican 3tandard Insulator Tests, publication
number C 29.1 - 1947, shouid be adhered to. 'This publicatioca
can be obtained from The American Standards Association, Inc.,
7C East 45th. Street, New York, New York.

10-04 Recommendation. A1l apparatus should conform to
both NEMA and /5A standai‘ds where applicable, This would
assure that the components on the overhead line meet a specification
which has proven itself throughout the power utility indvstry.

The radioc interference iimits established by these associations
Fave resulted from much study. Their main purpose is to maintain
the interference level from transmission lines at a level low
encugh 80 as not to interfere with radio or televisicn broadcasts,
The limits are at a practical level which can ve complied with

by the manufacturers,




SECTION 11,

RECOMMENDED SPECIFICATION

3.2

W
w

Interference Reduction, Overhead transmission
lines, Construction. 12Kv to 69Kv,

Sgope.
This specification covers the materials and

methods for use in the construction or re-
building of an overhead transmission line for
the maximum practical reduction in radio in-
terference, .

Applicable Specifications, Standards, Drawings
and Publications,

Limits of interference from transmission lines
shall be as specified in report of Phase III,
Contract NOy-88454,

These are not complete specifications for
construction of overhead lines but are require-
ments which are most important for the reduction
of radio interference. Conditions not covered
herein shall be governed by the appropriate
requirements of the National Electrical Safety
Code or other requirements not principally
assoclated with radio interference. The lawful
requlrements of state or local authorities shall
goverin where they exceed those contained in
these specifications,

Radic interference ic defined as undesired
conducted or radiated electrical disturbances
(for 1imit see Phase III report) which may
intevfere with the operation of electrical or
electronic communication equipment or other
electronic equipment,

Effectively Grounded means permanently connected
to eartH'E*FBﬁEH'EEé apecified impidance haviong
sufficient current carrying capacity to prevent
the building up of voltages which under the con-
ditions may result in undue hazard.

Voltage (of a circuit) means the greatest ef-
fective difference of potential between any two

conductors of the circuit concerned,

-53-




4,2

u-3

4.4

o

5.2

5.3

Conduciors,

Size. The conductors specified shall have

the largest diameter that can be economically
Justified.

Splices, Conductor splices shall be made
wgfﬁ pressure sleeves or automatic splices

of the same metal as the outer portion of the
conductor,

Spacing. Conductors shall be spaced as close
Egﬁifﬁgr as economy of power and safety will
permit.

Insulated Conductors. If insulated conductors
are used, the Insulation shall be stripped

at insulators and dead-ends before installation
of tie wire or oclamps.

Insulators,

e, insulstors shall be post type or
suspension type. Clamp-top, post type insulators
shall be used above 23 Kv, If suspension insul--
ators are used, each insulator must be weight
loaded (340# minimum) to assure continuous tension
and good electrical contact between the componenis
Rating. Insulators shall be selected for the
proper voltage rating (see Section 3.3) except,
in contaminated areas, insulators shall exceed
normil insulation by a minimum of 33 1/3% and be
of the fog type,

Jesting., Tests, for radio interference of
Trs0Tators shall be made by the purchaser in
accordance with NEMA standards No. 145-1952 for
post type insulators and No. 140-1952 for sus-
pension type insulators or latest revision thereof

Tie Wires, Tie wiresa when used shall be of the
PE3ToTmed type and shall be installed in ac-

cordance with figure 3, with special attention
given to avolding sharp points and loose ends,

Suggort Construction. All poles, oross-arms
an ~arm braces shall be of wood.
Hardwary,

EggE:"'in normal atmospheres, static-proofed,
dipred galvanized malleable iron, carbon
steel or low alloy steel hsrdware shall be used.
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Lock washers or lock nuts shall be used

on all bolted connections,

Note: Spring type lock washers are preferred.
Installation, All hardware shall be spaced
at least 2" apart with one side of the nut
and washer paralleling a side of adjacent
metal parts.

Grounding.
Ground W%re. Ground wires shall be kept

clear ol the conductor and all hardware and
shall be covered with a wocden molding from 3!
below the cross-arm to the groundlevel,

Ground Rods., Galvanized steel or zinc ground
rcds shall be used and shall be sufficient in
number to cause an effective ground (see section
3.2) not exceeding 10 ohnms impedance,
Connection. The ground wire shall be connected
To The ground rods with pressure connectors. The
ground wire underground shall be taped, with
moisture resistant, rubber tape, from 1 foot
above the ground level to and including the
connection,

Guy Wires, Guy wires shall be kept clear of

all other metal parts and the guy wire bracket
shall be clear (2" minimum) and edges parallel
to adjoining hardware, Use separate guy plates
for each guy wire,

Pole Top Switches. Al) connections on pole

top switches snall be tightened before instal-
lation, all sharp points shall be rounded, and
switches shall be placed a minimum of 2" away
from all other unbonded metal on the pole, Switch
contacts shall be clean and shall make a positive
connection,

Lightning Arrestors. All lightning arrestors
shall be of The radio-interference-free type.

Substations,

General. “Substations shall be located away from
areas of possible contamination, Exit low volta=ze
lines underground, from the substation 2t a min-
imum angle of 90° to the high voltage line; or




exit low voltage line above ground, on an extension
of the line made by the entering high voltage
line, In either case, the exit shull continue

a minimum of 200' in the direction indicated as
shown in figures 6, 6A, 7, 7A.

Transformers. All transformers shall be of

The oll-T1IYed type and shall be effectively
grourded (see section 3.2) by a short strap
through an impedance not exceeding 3 ohms,

All transformers shall be tested for radio in-
terference, by the purchaser in accordance with

NEMA standards, publication No. TR1-1954, or
latest revision thereof.

Bushings. All bushings shall be of the radio
riteri'erence free type.

Fuses. Fuses with corrosion resisting ferrules

8hall be used and shall fit tightly in the clips.

Conducted Attenuation.

Choke Colls. Radio Irequency choke coils may be
Installed to attenuate conducted interference.
Underground. Placing the transmission line
underground, as an alternate for choke coils, will
also attenuate conducted interference. This systam
requires a minimumlsngth of 100' and the effective
ground (see section 3.2), of the cable sheath

not to exceed 3 ohms impedance,

Corrosion Resistance,

vironment. n corrosive atmoapheres, corrosion
resistant metals shall be specified for tie wires,
hardware and all other metal parts,
Galvanic. Connections, whenever possible, shall
be mide of similar metals, If dissimilar metals
are connected, a special connector designed for
disaimilar metal connection sthall be used.

Maintenance,

Line, K11 foreign material such as hay wire,
kIte strings, etc. shall be kepi off ihe line,
Guy wires shall be kept under tension at all
times,

Miscellaneous. Treea and shrubbery shdll be
trimmed to prevent sonductors, suy wires or
ground wires frorn brushing them. Conductors
shall have a minimum of 3' clearance from any




tree or shrub,

Line Patrols., A patrol of the system, following
e procedure outlined in Section 7, shall be

performed immediately after the lirs has been

constructed, rebullt or after any major repair.

A patrol shall also be performed after any

pover outagea or savere electrical storm, The

maximum interval between patrols shall be

two (2) months,
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SHIELD WIRE PULL OFF
Detail "A"

See Detail "A"
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See PFigure 11,
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